The effects on the haemodynamic and biochemical parameters of three different anaesthetic induction regimes, namely fentanyl (4. I p_g. kg -t or 15 lag. kg -~) plus 60 percent nitrous oxide with oxygen and fentanyl 15 lag' kg -~ plus 60 per cent nitrogen with oxygen, were studied in patients undergoing coronary artery surgery. Fentanyl 15 lag-kg -~ with nitrous oxide and oxygen produced simultaneous reductions in oxygen uptake, cardiac index and left ventricular stroke work with an unaltered oxygen extraction. Diastolic blood pressure (an index of coronary artery peffusion) was only slightly reduced, and there were no changes in arterial lactate, glucose and free fatty acids. The lower dose of fentanyl (4. I pg. kg -~) with nitrous oxide produced no haemodynamic changes but decreased the oxygen uptake and extraction. The patients receiving fentanyl 15 ~g. kg -~ with nitrogen and oxygen showed increases in heart rate, blood pressure, cardiac index and left ventricular stroke work, together with a significant fall in oxygen extraction. Moreover, in the patients who received fentanyl 4.1 pg. kg -~ with nitrous oxide and oxygen and fentanyl 15 pg-kg -~ with nitrogen and oxygen there were significant increases in blood lactate, glucose and free fatty acids, indicating increased sympathetic activity. We conclude that fentanyl 15 lag kg -~, together with 60 per cent nitrous oxide with oxygen provides a satisfactory haemodynamic and biochemical state during induction of anaesthesia in patients with myocardial function prejudiced by coronary artery insufficiency.
In the present study, we have examined the haemodynamic and metabolic variables in patients during routine induction of anaesthesia for coronary artery by-pass surgery. The effect on these variables of fentanyl in combination with nitrous oxide or nitrogen and oxygen has been studied against a background of neuromuscular blockade with pancuronium, to evaluate the cardiovascular suitability of the drug in patients with coronary artery disease.
METHODS
Seventy-four patients were studied during induction of anaesthesia for coronary artery bypass surgery (Table I) . Twenty-five patients (Group I) received fentanyl 4.1 lag kg-i and were ventilated with a mixture of 60 per cent nitrous oxide and 40 per cent oxygen. The remaining 49 patients received fentanyl 15 lag-kg -~, Twentyseven of these patients (Group 11) were ventilated with 60 per cent nitrous oxide with oxygen, whereas 22 patients received a mixture of 60 per cent nitrogen with oxygen (Group Ill). All patients were premedicated 1-2 hours before operation with Opial (10-15 rag) and atropine sulphate 0.25 mg and received an intravenous infusion of NaCI 0.9 per cent (200 ml) during the period of the Canad. Anaesth. Soc. J., vol. 27, no. 3, May 1980 .223 
General Preparation
Before the induction of anaesthesia, a 17 gauge Sorensen catheter was inserted percutaneously into the radial or brachial artery in all patients, under local anaesthesia. This catheter was used for the determination of blood pressure and for the withdrawal of arterial blood samples for determination of blood gases (ABL-2, Radiometer, Copenhagen), lactate, glucose, free fatty acid (FFA) and potassium. Another catheter was inserted in a forearm vein for the administration of drugs. Electrodes were connected for the recording of the electrocardiogram (Lead V5) and the heart rate was derived from electrocardiograph signals. In addition, a 7F Swan Ganz thermodilution catheter was guided into the pulmonary artery through the right internal jugular vein in 21 of the 74 patients (seven in each group), for cardiac output measurements and for the collection of mixed venous blood samples. Arterial and mixed venous oxygen saturations (So2) were determined with a reflector oximeter (American Optical Co., Bedford, Mass., U.S.A.). The haemoglobin ~ concentration of arterial blood was measured with a Vitatron Colorimeter (Meyvis & Co., Bergen op Zoom, The Netherlands), and oxygen content (Co2) of the blood was calculated by the formula: Co~ (vol %) = (So2(%)/100). Hb (g%). 1.39 + 0.0031. Poz (mmHg).
For each cardiac output value (converted into cardiac index; CI, 1. min -~. m-2), an average of three separate measurements were made. Cardiac output in these patients was also calculated after the induction of anaesthesia by Fick's principle from oxygen uptake measured with a mass spectrometer (Perkin Elmer MGA 1100, Pomona, Calif., U.S.A.) during anaesthesia. These values correlated well with the cardiac output measured simultaneously using the thermodilution technique (Spearman rank correlation coefficient of 0.81;P< 0.001; n= 23).
Biochemical Analysis
Standards and arterial blood samples were prepared for assays as previously described. 
Experimental Protocol
Baseline (control) measurements of haemodynamic and biochemical variables were obtained 13-20 minutes after the insertion of the cannulae, during the awake period. After all the baseline data had been obtained, induction of anaesthesia with fentanyl was initiated. The appropriate dose of fentanyl was administered slowly into the peripheral venous line over a period of three minutes. In addition, pancuronium bromide (Pavulon | 90 ~tg. kg -~ was given to facilitate tracheal intubation and subsequent artificial ventilation with nitrous oxide (or nitrogen) with oxygen, using a servoventilator (model 900B, Siemens-Elema, Solna, Sweden). In the 21 patients in whom a Swan Ganz catheter was inserted, heart rate and arterial (systemic and pulmonary) pressures were measured at 5, 10 and 25 minutes after administration of fentanyl. Finally, in all patients, the haemodynamic measurements were made and arterial blood was withdrawn for ]'Baseline data of three groups have been combined. *Significant (P < 0.05, paired t-test) change from the baseline value in the corresponding patients.
biochemical analyses 35 minutes after administration of fentanyl. During this 35-minute period no surgical stimuli were given to the patients.
Presentation of Data and Statislical Analysis
All data are presented in the text as means +__ standard error of the mean (S. E.M.). The effects of fentanyl with nitrous oxide or nitrogen with oxygen have been expressed separately in the three groups as percentage changes from the baseline value in each individual patient. However, for the sake of clarity, the baseline values of haemodynamic and biochemical variables in the three groups have been combined. The effects of the anaesthetic schedules were evaluated statistically using the two-tailed paired t-test. ~: Pvalues of 0.05 or less were considered significant.
RESULTS

Clinical Assessment
During the 35-minute experimental period, electrocardiographic abnormalities (ST segment depression) were observed mainly in Group II1 patients. All patients underwent uneventful surgical procedures and regained consciousness within one hour after termination of anaesthesia. The use of a narcotic reversal agent or postoperative mechanical ventilation was not required in any of these patients.
Arterial Blood Gas Tensions
During ventilation, shortly after induction had been completed, there was a slight increase in Pao2 and a slight decrease in Paco~ in all three groups. This resulted in a slight decrease in cH-(increase in pH). However, all blood gas values remained within the normal range during the entire experimental period: cH+44.67-35. 
Haemodynamic Changes
The effect of induction of anaesthesia by fentanyl (with or without nitrous oxide) on the heart rate and blood pressure is shown in Table I1 . While the heart rate remained unchanged in Groups I and II, fentanyl 4.1 and 15 lag. kg -~ with nitrous oxide and oxygen, it was increased in the patients belonging to Group Ill, fentanyl 15 I.tg" kg -~ with nitrogen and oxygen. The mean arterial pressure decreased from its baseline value in Group II (12 per cent), mainly due to a fall in systolic pressure (18 per cent), since the diastolic pressure dropped by only 8 per cent. In Group III, mean (7 per cent) and diastolic (12 per cent) pressures increased significantly, while no changes were observed in Group I patients.
A more extensive examination of the haemodynamic variables was carried out in 21 patients (seven in each group). Apart from the measurements of ventricular haemodynamic data and heart rate, systemic and pulmonary arterial pressures were also recorded at intervals of 5, 10 and 25 minutes after administration of fentanyl. While no major changes were observed in the patients of Group II, heart rate did increase in Groups I and 111. The rate returned to control (baseline) values after 10-25 minutes in Group I, but remained at a higher level in Group III pa- j'Baseline data of the three groups have been combined. *Significnnt (P < 0.05, paired t-test) change from the baseline value in the corresponding patients.
tients. In each group the systemic arterial pressure increased slightly immediately after the tracheal intubation (t = 5 min) and then returned to baseline values in Group I, decreased below the baseline value in Group II and increased further in Group III patients. The pulmonary arterial pressure changed little in the first two groups but was slightly elevated at all measurement periods in the last group. Table III shows a number of haemodynamic and respiratory variables before and 35 minutes after induction of anaesthesia. Opposite effects on cardiovascular function were observed in the patients who received fentanyl 15 I.tg-kg -I when nitrous oxide was replaced by nitrogen (compare Group 11 and III). This was most pronounced in the mean arterial blood pressure and cardiac index, which showed a decrease of 10-14 per cent in Group II and an increase of 23-30 per cent in Group III. The decrease in cardiac index and left ventricular stroke work in Group II did not result in impaired oxygen supply, since total body oxygen extraction did not change (Table 111) . On the other hand, oxygen extraction decreased by 40 per cent (P < 0.001) compared to the awake value in Group III. In addition, there was a marked increase in myocardial oxygen demand calculated as double product systolic arterial pressure • heart rate. When the lower dose of fentanyl (Group I) was administered in combination with nitrous oxide no significant haemodynamic changes were seen (Table II) . However, there was a remarkable decrease in total body oxygen uptake and extraction.
Biochemical Changes
The effects of the different anaesthetic schedules on the biochemical variables are shown in Table IV . It is to be noted that the glucose values in the control period are relatively high but are comparable to those reported by others in patients with coronary heart disease. 8,13a4 Several factors may have contributed to the increased level of glucose in our patients. For example, total opium alkaloid (Opial), given in the pre-anaesthetic phase, contains 66 per cent morphine, which raises the blood glucose level. ~5J6 Similarly, withdrawal of betablockers ~7 and stress 18'~9 before operation may also increase blood glucose levels. IncFeases in arterial lactate (118 per cent), free fatty acids (40 per cent) and glucose (23 per cent) were found in the patients of Group III (the group without nitrous oxide), whereas no such changes could be detected in patients of Group II (Table  IV) . However, with the low dose of fentanyl in combination with oxygen and nitrous oxide (Group I) a significant increase in lactate and glucose was again seen, without significant changes in the free fatty acid level. A small decrease in arterial serum potassium concentration was round in Groups 1I and III (Table IV) . DISCUSSION Anaesthetic agents may have diverse effects on metabolic and hormonal activity. One group of drugs (e.g. halothane) may increase the blood levels of glucose, cortisol and lactate zf' while decreasing levels of catecholamines, zj Other agents, such as fentanyl, may increase the activity of the adrenergic system, thereby causing enhanced excretion of catecholamines in urine 2z and, presumably, increased concentration in the blood as well. Since an increase in sympathetic activity potentially could lead to serious complications during anaesthesia in patients undergoing surgery for ischaemic heart disease, a knowledge of the haemodynamic and biochemical effects of the anaesthetic regimes used is particularly essential.
When fentanyl 15 lag. kg-i was administered to patients without nitrous oxide (CJroup III), both haemodynamic and biochemical effects, consisting of tachycardia, hypertension, enhanced left ventricular oxygen demand and elevated blood levels of lactate, free fatty acids and glucose, indicate an increase in sympathetic nervous system activity probably due to "unbalanced'" anaesthesia. A lower dose offentanyl (4.1 lag' kg-~) given with nitrous oxide (Group I) had no haemodynamic effects but produced biochemical changes similar to those in Group Iii. However, when the patients were given fentanyl 15 pag. kg -I together with nitrous oxide (Group Ii), no changes in the blood levels of lactate, free fatty acids and glucose occurred and the blood pressure fell only moderately. The slight decrease in cardiac index in Group II appears to have been due to the addition of nitrous oxide, since the cardiac index tended to increase in Group I11 in which the same dose of fentanyl was given without nitrous oxide. The changes in the left ventricular work paralleled those in the cardiac index and, despite the slight decrease in cardiac index in Group I1, overall oxygen supply was adequate because total body extraction remained unchanged after the administration of fentanyl 15pg. kg -~ in combination with the inhaled nitrous oxide and oxygen mixture.
The decrease in the total body oxygen uptake in all three groups of patients was apparently secondary to a diminution of the metabolic rate during the anaesthetic state resulting from fentanyl and nitrous oxide.21'24 Group III patients, in whom the myocardial oxygen demand increased (as suggested by the changes in the heart rate, cardiac output and blood pressure) exhibited a reduction in total oxygen uptake probably for: two reasons. First, in the patients with coronary artery disease, increased myocardial oxygen demand may not have been accompanied by an adequate increase in oxygen supply, thus leading to myocardial ischaemia. A retrospective examination of the available electrocardiographic records confirmed that 9 out of 11 patients in Group ii1 exhibited ischaemic electrocardiogram changes (ST depression) in the 35-minute observation period. One out of three in Group I and only two of 17 patients in Group II showed these changes in the corresponding period. The second and perhaps more important reason for the decrease in total body oxygen uptake in the presence of a possible increase in myocardial oxygen consumption (MVO2) is that the latter (MVO2 changes) would be dissipated by the former(total body oxygen uptake changes) since, normally, the heart consumes only 8-10 per cent (20-25 ml/min-I) 26 of the amount of oxygen used by the body. The marked decrease (40 per cent) in oxygen extraction in Group III patients was apparently due to reduced total body oxygen uptake coupled with a high cardiac output.
The data reported in the present investigation suggest that, from both haemodynamic and biochemical viewpoints, a combination of fentanyl 15 pg-kg -t and nitrous oxide with oxygen provides adequate and "balanced" anaesthesia, while, at the same time, this anaesthetic regimen significantly reduces any tendency to increased left ventricular work. This combination also maintains an adequate oxygen supply and provides a satisfactory coronary artery peffusion pressure. These cardiovascular effects may well be beneficial for the patients undergoing coronary artery surgery during which a stress-free induction of anaesthesia is so essential. Moreover, the lack of a rise in free fatty acids indicates the absence of a further potential hazard for these patients.
Recently, Stanley and coworkers 3.'~ have demonstrated that large doses of fentanyl (50-1001~g-kg -~) can be used as the sole anaesthetic without deleterious cardiovascular changes in patients with coronary artery disease. When such doses were used in combination with nitrous oxide in female patients undergoing tubal surgery, no abnormal metabolic and hormonal responses were seen but apnoea requiring urgent ventilation and administration of naloxone was encountered in a few cases. 2~ It seems that larger doses of fentanyl (50-100 I-~' kg-~) could also be used safely in cardiac surgery, but one has to be on the lookout for potential respiratory hazards, particularly when these doses are used in conjunction with another anaesthetic agent.
Finally, we ought to focus attention on some limitations of our study, which was carried out during routine surgery. All patients received premedication about 1.5 hours before transportation to the surgical theatre and the patients had tracheal intubation and received pancuronium to facilitate intubation. Although pancuronium may have interfered with the changes in heart rate 27,28 and blood K + levels, 29 our study does provide adequate information for a clinical setting.
